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Objectives: The aim of this study was to investigate the clinical beneﬁts of purse-string skin closure (PS)
in daily practice compared with conventional linear skin closure (CL) after ileostomy takedown in Korean
population.
Methods: These retrospectively collected data were based on 157 consecutive patients who underwent
ileostomy takedown between November 2010 and September 2011. Before March, 2011, CL was per-
formed in 79 patients. Thereafter, PS was performed in 78 patients. The medical records including pain
score recorded daily were reviewed and the postoperative outcomes, including SSI, were analyzed.
Results: PS group had a signiﬁcantly lower overall complication rate than the CL group (8.97% vs. 25.32%,
p ¼ 0.010). Among complications, PS group had a signiﬁcantly lower SSI rate than the CL group (0% vs.
11.39%, p ¼ 0.003). After adjusted for other risk factors (smoking, body mass index, anastomosis method),
PS method was associated signiﬁcantly and independently with a lower SSI rate than CL method
(adjusted odds ratio: 26.63, 95% conﬁdence interval: 3.02e267.70, p ¼ 0.001). And the two groups did
not differ in terms of postoperative pain (p ¼ 0.323) or pain pattern (p ¼ 0.548).
Conclusion: In daily practice, PS had a beneﬁcial effect on SSI in patients who underwent ileostomy
takedown in the Korean population.
 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Ileostomy is frequently performed for preventing complications
associated with leakage due to poor gastrointestinal anastomosis
[1]. It is then followed by ileostomy takedown. Surgeons must
perform this procedure with great care because it is associated with
a high risk of wound infection due to the presence of micro-
organisms on the skin around the ileostomy site and possible
contamination with the intestinal content during the open-end
manipulation of the bowel [2]. Surgical site infection (SSI) can
prolong the hospital stay and increase cost of treatment [3]. To
avoid this, some surgeons use secondary closure or delayed pri-
mary closure [4,5]. Recently, modiﬁed secondary closure such as
purse-string skin closure (PS) or gunsight skin closure was intro-
duced [6e9]. Several studies showed that PS can reduce SSI
compared with conventional linear skin closure (CL) in western
countries. However, the clinical beneﬁt of PS in daily routinent of Surgery, Seoul National
ak-Ro Jongno-gu, Seoul 110-
by Elsevier Ltd. All rights reservedpractice is poorly understood in Korea. The aim of this study was to
investigate the clinical beneﬁts of PS in daily practice compared
with CL after ileostomy takedown in the Korean population.2. Methods
Between November 1, 2010 and September 31, 2011, 157
consecutive patients, who underwent ileostomy takedown at Na-
tional Cancer Center in Korea, were reviewed and adequate sample
size was achieved for analysis. All had undergone ileostomy after
restorative proctectomy for rectal neoplasms. CL was used for
ileostomy skin closure until March, 2011. PS was used in all sub-
sequent patients. The present study was approved by the Institu-
tional Review Board (NCCNCS-11-545) of National Cancer Center
(Goyang, Korea).
In this observational study, all the collected data were reviewed.
The following variables were recorded: demographic data (gender,
age, body mass index (BMI), diagnosis, history of previous
abdominal surgery, chemotherapy, radiation, alcohol intake, and
smoking), American Society of Anesthesiologists (ASA) score, un-
derlying disease, reasons for ileostomy formation, anastomosis.
Fig. 1. Representative photos of purse-string skin closure. (a) The wound after closing
the peritoneum and then the fascia. (b) Purse-string skin closure after two layers were
completed. (c) A scab formed on the purse-string-closed wound 3 weeks after surgery.
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mation to reversal, transfusion history, length of hospital stay,
duration of antibiotic administration, and readmission within 30
days after discharge. And perioperative numerical rating scale
(NRS) pain score during admission period was also obtained serial
assessment of pain has been conducted by medical personnel in all
inpatients at National Cancer Center every day during hospitaliza-
tion period.
In all cases, the elective operation was performed under general
anesthesia without preoperative bowel preparation. A circular
incision was made in the area surrounding the stoma and the
ileum was taken out after being detached from the abdominal
wall. The ileumwas then subjected to side-to-side (functional end-
to-end) double stapling with a TLC 75 (Ethicon, Somerville, NJ,
USA). End-to-end hand-sewing was only performed if bowel
extraction was difﬁcult due to adhesions. Thereafter, the anasto-
mosed bowel was pushed back into its original position. The
peritoneum was then subjected to continuous suture with 1e
0 vicryl and the fascia was closed with interrupted 1e0 vicryl. In
some patients at high risk of developing seroma, 3.2-mm-diameter
JacksonePratt closed suction drain (Barovac 100 ml, Sewoon
Medical Co., Seoul, Korea) was inserted into the subcutaneous
space under negative pressure. When CL was performed, the skin
was closed tight with 2e0 nylon and a skin stapler. When PS was
performed, the same methods used to close the peritoneum and
fascia described above were used (Fig. 1a). Thereafter, however,
Scarfa’s fascia of the subcutaneous layer was approximated by
purse-string suturing using 2e0 monosyn (Ethicon), after which
the dermal layer was subjected to purse-string suturing using 3e
0 monosyn (Ethicon) (Fig. 1b). The gap was then packed by rolling
two-by-two gauze and the upper end of the gauze was pulled out
of the wound for drainage. Equally in both groups, cefotetan was
administered for antibiotic prophylaxis during the 24-h perioper-
ative period and analgesics recommended by an anesthesiologist
at the center were used until 3 days after surgery. Dressing was
conducted every other day in both groups from postoperative
second day.
The presence of SSI was determined by the surgeons on the basis
of Center of Disease Control (CDC) guidelines [10]. After discharge,
the condition of the wound was monitored by the surgeons during
follow-up at an outpatient department (Fig. 1c). The monitoring
continued every week until wounds healed up. Even in the
meantime, patients or their guardians were instructed to contact
the center if there was any sign of wound problem. If there were no
problems in wounds, patients were followed up 1, 3, and 6 months
after surgery. SSI was deﬁned as a superﬁcial incisional infection, a
deep incisional infection, or an organ/space infection that occurred
within 30 postoperative days. Healed wound was deﬁned as a
wound which required no additional dressing.
G*Power 3.1.7 (Institute of Experimental Psychology, Heinrich
Heine University, Düsseldorf, Germany) was used to calculate the
sample size for a deﬁnitive studywith a power of 80% and a-level of
0.05. The CL and PS groups were compared by Chi-square test or
Fisher’s exact test for categorical data or Student’s t test for
continuous data (or theWilcoxon rank sum test if the datawere not
normal). The two groups were compared in terms of perioperative
NRS pain score by using non-parametric repeated measure ANOVA.
Signiﬁcant relationships (p < 0.1) between the development of SSI
and other correction factors were tested for independence by
multivariate logistic regression. Adjusted odds ratios were esti-
mated by using the penalized maximum likelihood estimation
method in SAS 9.1 (SAS Institute Inc., Cary, NC, USA). The signiﬁ-
cance of each factor was conﬁrmed by penalized likelihood ratio
testing. In two-tailed tests, p < 0.05 was deemed to indicate sta-
tistical signiﬁcance.3. Results
3.1. Characteristics
Between November, 2010 and March 2011, CL was performed in
79 patients. Thereafter, PS was performed in 78 patients. There was
Table 2
Surgical characteristics, postoperative outcomes, and complication rates.
Characteristic CL (n ¼ 79) PS (n ¼ 78) p-value
Hand-sewn anastomosis 2 (2.53) 2 (2.56) 1.000
Operative time, minutes 76.7  48.2 77.37  52.93 0.920
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differ signiﬁcantly in terms of baseline characteristics (Table 1). The
frequencies of any comorbidity were not different between two
groups: 46.8% (37/79) of the PS group and 50% (39/78) of the CL
group had one or more comorbidities (p ¼ 0.750).Transfusion 2 (2.53) 4 (5.13) 0.443
Length of hospital stay, days 11.08  4.14 12.21  8.03 0.663
Readmission within 30 days 6 (7.59) 5 (6.41) 1.000
Complication 20 (25.32) 7 (8.97) 0.010
SSI 9 (11.39)a 0 (0) 0.003
Small bowel obstruction 9 (11.39)b 7 (8.97) 0.617
Leakage 1 (1.27)c 0 (0) 1.000
Incisional hernia 1 (1.27) 0 (0) 1.000
Sepsis 0 (0) 0 (0) 1.000
CL, conventional linear; PS, purse-string; SSI, surgical site infection.
a 7 were classiﬁed as superﬁcial incisional SSI, 1 as deep incisional SSI, and 1 as
organ/space SSI.
b 3 also experienced SSI.
c 1 also experienced SSI.3.2. Outcomes
All patients except for two in each group underwent stapled
bowel anastomosis. Operative time, the rate of transfusion, length
of hospital stay, and the rate of readmission were not signiﬁcantly
different between two groups (Table 2). Six and ﬁve patients in the
CL and PS groups were readmitted within 30 days after discharge,
respectively. Of the six readmitted patients in the CL group, two
had constipation, three had small bowel obstruction, and one had
awound problem that required reoperation. Of the ﬁve readmitted
patients in the PS group, one had diarrhea, two had constipation,
one had small bowel obstruction, and one was admitted for sup-
portive care. The PS group had a signiﬁcantly lower overall
complication rate than the CL group (p ¼ 0.010). However, there
was no difference in complications other than SSI. The PS group
had a signiﬁcantly lower SSI rate (0% vs. 11.39%, p ¼ 0.003). The
patients who developed SSI spent, on average, 1 week longer in
hospital than the patients who did not develop SSI (18.00  7.12
days vs. 11.25  6.15 days, p ¼ 0.002). SSI extended the time for
healing by up to 19.74 days in the CL group (p¼ 0.021). Both groups
exhibited a sharp increase in pain on the day of surgery that then
dropped over time. As time passed, the NRS pain scores of both
groups dropped signiﬁcantly (p < 0.001; Fig. 2). However, the twoTable 1
Demographic characteristics.
Characteristic CL (n ¼ 79) PS (n ¼ 78) p-value
Age, years 60.13  10.53 59.53  10.74 0.724
Gender, male 49 (62.03) 50 (64.10) 0.869
Body mass index, kg/m2 22.59  3.06 22.5  2.83 0.791
ASA score 1.68  0.49 1.58  0.57 0.155
1 26 (32.91) 36 (46.15) 0.104
2 52 (65.82) 39 (50.00) 0.053
3 1 (1.27) 3 (3.85) 0.367
Alcohol 0.516
Yes 50 (63.29) 45 (57.69)
No 29 (36.71) 33 (42.31)
Smoking 0.874
Yes 38 (48.10) 39 (50.00)
No 41 (51.90) 39 (50.00)
Chemotherapy 0.708
Yes 62 (78.48) 59 (75.64)
No 17 (21.52) 19 (24.36)
Radiation 0.870
Yes 50 (63.29) 48 (61.54)
No 29 (36.71) 30 (38.46)
Past abdominal operation history 0.461
Yes 22 (27.85) 17 (21.79)
No 57 (72.15) 61 (78.21)
Time from ileostomy creation
to closure, days
189.58  102.21 215.40  149.13 0.251
Co-morbidity 37 (46.84) 39 (50.00) 0.750
Diabetes mellitus 9 (11.39) 13 (16.67) 0.367
Hypertension 23 (29.11) 24 (30.77) 0.863
Chronic liver disease 6 (7.59) 3 (3.85) 0.495
Tuberculosis 6 (7.59) 3 (3.85) 0.495
Othersa 15 (18.99) 12 (15.38) 0.673
The reasons for ileostomy formation
Low anastomosis 76 (96.20) 74 (94.87) 0.719
Rectovaginal ﬁstula 1 (1.27) 1 (1.28) 1.000
Anastomotic leakage 2 (2.53) 3 (3.85) 0.681
CL, conventional linear; PS, purse-string.
a Others included asthma, arrhythmia, stroke, heart failure, COPD, and etc.groups did not differ signiﬁcantly in terms of NRS pain scores on
any of the days (p ¼ 0.323) or in terms of the pain pattern
(p ¼ 0.548).
3.3. Factors associated with the development of SSI
The overall rate of SSI was 5.7% (9/157). Univariate analyses
revealed that anastomosis method and skin closure method were
signiﬁcantly associated with SSI (Table 3). SSI was more likely to
occur after hand-sewn anastomosis than after stapled anasto-
mosis (p ¼ 0.017). It was also signiﬁcantly more likely to occur
after CL than after PS (p ¼ 0.003). It tended to occur more
frequently in obese patients (BMI 25) and in smokers, but these
trends did not achieve statistical signiﬁcance (both p ¼ 0.094).
These four factors (BMI, smoking history, anastomosis method,
and ileostomy skin closure method) were then examined by
multivariate logistic regression analysis to determine whether
they associated independently with the development of SSI.
There were signiﬁcantly higher odds that patients undergoing
ileostomy takedown would develop SSI if CL method was used
(adjusted odds ratio 26.63, 95% CI 3.02e267.70; p ¼ 0.001) and
hand-sewn anastomosis was performed (adjusted odds ratio
31.16, 95% CI 1.41e607.64; p ¼ 0.029) (Table 4). While a high BMI
tended to be associated with a high SSI rate, this trend only
achieved marginal statistical signiﬁcance (p ¼ 0.050). Smoking
did not associate signiﬁcantly with SSI. After stepwise selection,
the ileostomy skin closure and anastomosis method variable
were selected and the signiﬁcance of the associations of SSI with
these variables in the ﬁnal model was assessed. This analysis
showed signiﬁcant associations between lower SSI rates and two
factors: PS method (p ¼ 0.001) and stapled bowel anastomosis
(p ¼ 0.003).
4. Discussion
In the present study, the PS group had a signiﬁcantly lower SSI
rate than the CL group. PS method was introduced by Anjan
Banerjee [7]. In retrospective studies, the SSI rate associatedwith PS
method ranges from 0% to 6.7% [8,17e19]. Those studies favored PS
in terms of SSI. Of these studies, one study could not show signif-
icant difference due to the small number of subject patients
although PS showed comparable outcomes [18]. They reported that
the incidences of wound infection were 16.7% (5/30) and 5.6% (1/
18) in CL and PS groups, respectively. In one randomized controlled
study, an interim analysis showed sufﬁcient reductions of SSI in PS
group compared with CL group (6% vs. 38.7%) [13,14]. Enrollment
Fig. 2. Numeric pain rating scale before and after conventional linear skin closure and purse-string skin closure. CL, conventional linear; PS, purse-string; NRS, numerical rating
scale; PREOP, preoperative; POD, postoperative day.
Table 3
Univariate analysis of eligible factors related to surgical site infection.
Characteristic Surgical site infection p-value
No (n ¼ 148) Yes (n ¼ 9)
Age, years 60 79 (53.38) 3 (33.33) 0.312
<60 69 (46.62) 6 (66.67)
BMI, kg/m2 25 29 (19.59) 4 (44.44) 0.094
<25 119 (80.41) 5 (55.56)
Gender Male 91 (61.49) 8 (88.89) 0.156
Female 57 (38.51) 1 (11.11)
Alcohol Yes 88 (59.46) 7 (77.78) 0.484
No 60 (40.54) 2 (22.22)
Smoking Yes 70 (47.30) 7 (77.78) 0.094
No 78 (52.70) 2 (22.22)
Chemotherapy Yes 115 (77.70) 6 (66.67) 0.429
No 33 (22.30) 3 (33.33)
Radiation Yes 94 (63.51) 4 (44.44) 0.298
No 54 (36.49) 5 (55.56)
Co-morbidity Yes 72 (48.65) 4 (44.44) 1.000
No 76 (51.35) 5 (55.56)
Transfusion Yes 6 (4.05) 0 (0) 1.000
No 142 (95.95) 9 (100)
Anastomosis method Hand-sewn 2 (1.35) 2 (22.22) 0.017
Stapled 146 (98.65) 7 (77.78)
Skin closure method CL 70 (47.30) 9 (100) 0.003
PS 78 (52.70) 0 (0)
BMI, body mass index; CL, conventional linear; PS, purse-string.
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controlled trials also showed that PS group resulted in lowering of
SSI compared with CL group (0% vs. 24%e36.6%) [15,16]. A drain
hole in the middle left by PS as basically a method of secondaryTable 4
Multivariate analysis of eligible factors related to surgical site infection.
Characteristic Adjusted OR 95% C.I. p-value
Smoking (Yes vs. No) 4.11 0.83e28.86 0.086
BMI (25 vs. <25 kg/m2) 5.43 1.00e32.02 0.050
Skin closure method (CL vs. PS) 26.63 3.02e267.70 0.001
Anastomosis method
(Hand-sewn vs. stapled)
31.16 1.41e607.64 0.029
OR, odds ratio; C.I., conﬁdence interval; BMI, body mass index; CL, conventional
linear; PS, purse-string.wound healing, may contribute to a lower SSI rate after ileostomy
takedown by draining wound discharges.
The SSI rate after ileostomy takedown has been reported vari-
ously in a few studies. Herwig Porkorny et al. [11] reported that 9%
of patients who underwent stoma closure developed SSI. The
study of Harold et al. [12] revealed a similar rate while Garcia-
Botello et al. [5] reported SSI rates up to 18.3%. These studies
indicate that along with small bowel obstruction, SSI is a major
complication of ileostomy reversal [1,11]. In the present study, the
overall SSI rate was relatively low (5.7%). This result may come
from the introduction of PS. And this study indicated that PS gave
postoperative beneﬁts after ileostomy reversal in daily routine
practice.
Despite this advantage, PS gave concerns about patients’
discomfort, cosmetic aspect, postoperative pain, wound care, and
etc. However, patients in PS group reported greater satisfaction of
cosmetic outcome in one systemic review [20]. Similarly, Daniel
Camacho-Mauries et al. [16] showed superior patient satisfaction
levels and better cosmetic outcomes in their study. Milanchi et al.
[19] documented no signiﬁcant difference although PS group
showed higher patient satisfaction score in subjective factors:
cosmesis, expectation before surgery, postoperative pain, wound
care, and activity. In general accord with their studies, two groups
did not differ signiﬁcantly in terms of NRS pain scores in the pre-
sent study.
The two groups in the present study were homogeneous, which
allowed the SSI rates of unselected patients who underwent elec-
tive ileostomy reversal to be compared directly. Moreover, unlike in
the other studies described above including recent randomized
controlled trials, the patients underwent stitching with a double
layer of absorbable sutures that did not have to be removed later
[15,16].
The SSI rate in secondary closure or delayed primary closure
varies differently from 0 to 15% [2,4,6,12,21e24]. Ileostomy take-
down is more likely to be classiﬁed as clean-contaminated cate-
gory [2]. The wound to be suspected of contamination would
rather be left open logically. The burden of interval closure cannot
be negligible in delayed primary closure. In this point of view,
secondary closure appears to be an adjunct to the techniques
designed to decrease the SSI rate although wound healing is ex-
pected to be delayed. PS allows partial wound edge apposition
[25]. This apposition may accelerate healing compared to sec-
ondary closure.
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present study revealed that the PS group developed signiﬁcantly
fewer complications overall (p ¼ 0.004). According to the Claviene
Dindo Classiﬁcation, seven patients in CL group experienced more
than grade II while one in PS group did [26,27]. Considering that SSI
accounts for a large percentage of complication after ileostomy
takedown, PS may decrease SSI-related morbidity in ileostomy
takedown.
While most patients underwent routine side-to-side double
stapling for anastomosis, the hand-sewn anastomosis method was
used in four patients (two from each group). Two of these four
patients developed SSI and the multivariate analysis showed that
the hand-sewn anastomosis method associated independently
with SSI (adjusted odds ratio 31.16, 95% CI 1.41e607.64; p ¼ 0.029).
This result is inconsistent with a recent meta-analysis [28]. It is
because patients with hand-sewn anastomosis were mostly difﬁ-
cult cases for ileostomy takedown. It should be also emphasized
that there were only four cases of hand-sewn anastomosis, and
thus the association between hand-sewn anastomosis and SSI
should be viewed with caution.
In the present study, patients with BMI25 had a higher SSI rate
than patients with BMI <25 and multivariate analysis excluding all
other major factors showed that BMI associated marginally signif-
icantly with SSI (adjusted odds ratio 5.43, 95% CI 1e32.02;
p ¼ 0.050). This may reﬂect the fact that there were only four pa-
tients with BMI 25, which in turn may reﬂect the low BMI of the
Korean population compared to Western populations. A larger
sample size may show a signiﬁcant and independent association
between BMI and SSI. If this is the case, it may be advisable to
perform PS after ileostomy takedown in patients with BMI 25.
Notably, the large-scale retrospective study conducted by Riou et al.
[29] revealed that obesity had an adverse effect on wound healing.
The hospital stay of both groups in the present study was a few
days longer than in the other studies, because Korean healthcare
system depends much on hospitals and not enough on community-
basedmedical practices, and thereforemuch of their hospital cost is
covered by the national health insurance.
When 16 patients of CL group who had JP wound drain bags
were compared with 63 patients of CL group who did not, no sig-
niﬁcant difference in SSI rate was found (p ¼ 0.443) as N. Mirba-
gheri et al. [25] showed in their study. Because JP wound drain bag
was removed just before discharge, the JP insertion group was
under the same condition as the non-insertion group in terms of
the SSI development during the period between discharge and
outpatient visit. Accordingly, no signiﬁcant difference was probably
shown. In addition, selection bias of the surgeonsmight be involved
because patients who were thought to have a high risk of devel-
oping SSI selectively underwent JP insertion. Therefore, the pro-
tective effect of JP insertion against SSI could not be determined in
the present study.
The present study suffers from the usual limitations of obser-
vational studies. In particular, the CL and PS groups were not
compared at the same time. This means that patient randomization
could not be performed, although it should be noted that the two
groups largely experienced identical conditions apart from the
method of ileostomy skin closure. Another limitation of this study
was the outcome evaluation which was not performed by blinded
observers.
5. Conclusion
PS had a beneﬁcial effect on SSI in patients who underwent
ileostomy takedown in daily practice. PS can be considered as
standard of care for wound closure after ileostomy takedown in
daily routine practice.Ethical approval
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